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OBJECTIVES
This project brings together a team with expertise in acoustics, engineering, biology, fisheries, and oceanography to develop and apply acoustic techniques to measure schooling in pelagic fish. We combined traditional, split-beam fisheries echosounding techniques and direct sampling with new acoustic techniques and new platforms in a study area monitored by an existing operational ocean observatory. To measure synoptic distributions of fish schools we collected mid-frequency back-and bistatic-scattering from fish using a unique horizontally oriented multibeam system. We will experimentally evaluate the use of ship-board and moored mid-frequency sonar for the detection and resolution of fish schools at long range (kilometer scale) in the context of propagation and scattering in a shallow water waveguide. Toward the goal of integrating mid to geometric frequency scattering measurements, we will observe the relationship of high frequency echosounder and multibeam measurements to mid-frequency short-range measurements (direct path scattering) and mid-frequency long-range measurements (waveguide scattering). In doing so, we will correlate the results of the longer-range measurement (less understood and more complex scattering geometries) with more traditional (better understood) higher frequency and geometric scattering regimes and techniques. We will also investigate the ability of higher frequency multibeam techniques to assess the internal structure of detected schools. A 200 kHz multibeam capable of collecting water column data will be integrated into an autonomous underwater vehicle (REMUS). Deploying this cutting edge instrument on an autonomous platform will allow us to access fish at greater depths, while sampling the high spatial resolution necessary to measure the geometry of fish in an aggregation. All field sampling will be conducted within the New Jersey Shelf Observing System (NJ SOS), which provides real-time data throughout the Mid-Atlantic Bight (MAB). The surveys will be positioned adaptively using real-time data collected with the international constellation of ocean color satellites, a nested grid of HF radars, and an operational fleet of autonomous Webb Gliders. The goal is to use the environmental data to optimize ship and AUV acoustic surveys by using the observatory to identify specific water masses, frontal boundaries, and subsurface phytoplankton plumes. The surveys will then identify and track Report Documentation Page Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number. schools of fish associated with this hydrographic and biological structure. This approach will provide a context for the fish schooling information, allowing us to begin to look for correlations between the fish biology and environmental variability. 
APPROACH

WORK COMPLETED
Development of two new sonar systems has been completed. The second field effort for this project was conducted in July, 2007. During the PIMMS Spritz cruise, sampling with echosounders, nets, and the PIMMS was guided by observatory data whenever it was available. Field sampling was centered at the shelf slope break close to the 200 m isobath. High resolution mapping of the biology was conducted in 2 regions. One region was centered around the Hudson River canyon. The second region was centered along a series of offshore canyons located offshore Maryland and Virginia south of Delaware Bay. Glider deployments were used to map the physical and biological variability in the Hudson canyon and the relative variability in the physical and biological variability was similar for the canyons in southern domain.
RESULTS
The weather during the cruise was challenging with deck operations severely constrained for almost 1/3 of the days at sea. The weather throughout the cruise was driven by an atmospheric low to the north of the study area in the Mid-Atlantic. This low was visible as cloud contamination in the north regions. The major features that dominated the SST imagery were offshore meanders of the Gulf Stream and episodic upwelling along the coastal regions (Figure 1 ). High productivity in nearshore waters was consistent with the numerous coastal upwelling events and the lowest biomass waters in our study area reflected Gulf Stream onshore intrusions that penetrated to almost the 200 meter isobath (Figure 2) . 
Figure 1. Sea surface temperature maps of the Mid-Atlantic Bight during the PIMMS Spritz cruise. The ship sampling was concentrated in the bold line box. Major hydrography was influenced by the interplay between 1) offshore forcing from Gulf Stream and associated meanders as well as 2) nearshore upwelling. Dark blue areas in the Grand Bank region reflects cloud contamination which was associated with weather patterns that provided challenging conditions.
Glider data was collected in the Hudson canyon during ship operations (Figure 3 ). Many of the patterns observed in the Hudson canyon were consistent with what was observed using ship-CTD sampling offshore Maryland and Virginia. The main feature present in the offshore waters was that water column was strongly stratified. Just below the thermocline there was a persistent subsurface chlorophyll a and optical backscatter maximum. There appeared to subsurface peaks in Colored Dissolved Organic Matter (CDOM) over the canyon. This was consistent with discrete pigment samples which indicated phytoplankton populations appeared to be dominated by picoplankton. HPLC analysis (still ongoing) indicates a significant presence of zeaxanthin which would be consistent populations of Synechococcus. Consistent with this observation was what appeared to be a phycoerythrin fluorescence.
Figure 3. Glider data collected during PIMMS Spritz by a Webb Glider.
In both study regions, fish schools were small and relatively rare. Schools of fish in the more southerly site had horizontal scales of approximately 20-50 m, with vertical scales of 50-200 m. Repeated transects showed that the temporal persistence of schools in an area was less than 12 hours and was frequently less than one hour. However, in both study regions, zooplankton and micronekton were highly abundant with intense aggregations observed throughout the day at depths greater than 200 m and during the night from the surface to approximately 100 m. Net tows showed that the dominant species varied dramatically over short space and time scales with clear differences in species composition associated with offshore and onshore waters. A unique acoustic scattering source was identified during the experiment as dense, monotypic aggregations of a pelagic gastropod were located during a 2-day period. These aggregations were remarkablystrong scatterers at frequencies ranging from 38-200 kHz. Data interpretation for this unusual sound scattering source is ongoing.
During the second field experiment, the Pelagic Imaging Midwater Multibeam Sonar (PIMMS) was successfully deployed in two new configurations. In the first year the PIMMS system was deployed off the side of the ship with the sonar hanging below the ship. This type of deployment is rapid, but ship noise and motion was a major source of acoustic signal contamination. For the second year experiments, the system was modified and deployed from a fixed mooring, allowing the ship to move away form the sonar. In addition to reducing ship noise contamination, the moorings enabled a time series of data to be collected in a single location while the ship performed down-looking sonar surveys and net tows in an area centered on the mooring.
Figures 4 and 5 illustrate the mooring deployment configuration. The PIMMS was suspended from surface floats that acted as a spar buoy, decoupling the sea surface motion from the sonar. A battery buoy supplied power to the PIMMS and control/data communications with wifi Ethernet telemetry to the ship. The buoy system was tied to a light buoy and mooring anchor to prevent the system from drifting. Batteries provided power for continuous acoustic imaging over a 24 hour period with images taken at a five minute intervals. The PIMMS system was deployed at eight separate times during the experiment, consisting of three moorings deployments and five ship deployments where the system was hung from the stern of the ship. A variety of acoustic experiments were performed to investigate long range waveguide imaging including:
1. Transmission loss experiments using a known source at incremental ranges from the moored sonar. These experiment will aid in understanding acoustic transmission loss at the specific sites, which directly affects the ability to image targets at horizontal ranges in a waveguide. 2. The use of different long duration linear frequency modulation (LFM) pulses to improve imaging of weak targets in a noisy and reverberative environment. 3. 24 hour time series (using the mooring) with images taken every five minutes 4. Water column profiling with the system lowered and raised through the water column (much like a CTD cage) to image a 3-D cylinder of the water column below the ship.
Preliminary data analysis indicates that the system performed as expected with reasonable horizontal waveguide imaging at ranges of up to 2 kilometer in radius. However, limited fish schools were encounters during the field exercise. The time series data taken with the PIMMS mooring will likely provide the best data for imaging, capturing changes that occurred in one location. Most aggregation activity was observed during the dawn and dusk. However, fish aggregations were encountered on at least one occasion. Figure 6 illustrates a typical example of what is believed to be fish schools imaged during one of the day-long mooring deployments. This analysis is however very preliminary.
Figure 6: Backscatter image of the horizontal waveguide. Several small areas of increased backscatter are attributed to fish schools moving across the image. This image is taken from a time series of backscatter images recorded using the PIMMS mooring over a 24 hour period.
In addition to the fish, significant midwater scattering layers where observed with the down-looking sonars and net tows. Although these layers scatter weakly at the acoustic frequency of the PIMMS system (10-12 kHz) and are therefore difficult to image, several experiments were performed with the PIMMS system to investigate imaging horizontal structure in these layers ( Figure 5 ). The hypothesis is that at the frequencies of the PIMMS system, weak scattering from these layers may still reveal large-scale horizontal structure (on the order of 100s of meters) in the layers if observed over long ranges. If such structure can be extracted from the imagery, the mooring data will likely be the best data set to analyze because of the improved signal to noise ratios in the backscatter data. A time series of images is also better for extracting weak signals because changes from image to image can often reveal hidden coherent structure. This graph shows backscatter from the 38  kHz echosounder as a function of depth in meters for approximately 1.5 km  while the vessel was traveling at a speed of 5 knots.
IMPACT/APPLICATIONS
The distribution of fish and the variability in their distribution has implications for fisheries, stock assessment, and operational acoustic techniques. This is particularly true in continental shelf regions where fish densities are high and their distribution is highly patchy. This work will provide basic information on the structure of fish aggregations, the effects of fish aggregations on both mid and high frequency acoustics, and the relationship between mid frequency acoustic scattering and more traditional, relatively well-understood high frequency acoustic scattering. In addition, we will examine the correlation between fish, important biological sources of acoustic scattering, and environmental variability by utilizing the existing resources of the New Jersey Shelf Observing System (NJ SOS). An understanding of the relationship between fish and their habitat will provide the opportunity to make predictions about the distribution of fish aggregations at the scale of the study region and the distribution of fish within an individual aggregation. This will contribute to our efforts model scattering from biological sources. We expect this work will allow us to develop new acoustic techniques, that expand our understanding of the basic biology of fish, understand the relationship between fish aggregation characteristics and acoustic scattering at mid and high frequencies, relate more traditional high frequency techniques to more complex scattering at mid frequencies, and explore the potential of mid frequencies in both direct and waveguide scattering for application to fish.
